Abstract-Two dives of the bathyscaphe Archiméde on the 'lower continental slope-abyssal plain' contact northwest of Corsica have revealed a sharp contact between the upper sedimentary cover of the two domains. The lower slope seems highly unstable and it is suggested that large-scale sliding of the upper sedimentary layer is characteristic. In contrast, the abyssal plain has a very tranquil sedimentation. The results of a major rnud flow triggered by the bathyscaphe are discussed.
INTRODUCTION
-. IN OCTOBER 1972 , the bathyscaphe Archimède made a series of training dives-to a 2600-m water-depth off northwest Corsica in order to test new equipment. Two of these dives (72-5 and 72-7) were made at the limit of the lower continental slope and the abyssal plain near an acoustic transponder (X'4 in Figure 1 shows that X'4 is located just above the edge of the abyssal plain, north of some channel or gully. The local slope is 5 to 6" but steepens eastward to more than 10" in the zone of landing of dive 72-5. While moving downslope, about 5 to 6 m off the bottom, the observers (JF and RH) could see an alternation of two types of terrain. Over the first 300 m, the topography was locally gently undulating with evidence of numerous borrowers (Fig. 2a) . A series of sedimentary ridges with a wavelength of a few meters and an amplitude of 1 to 2 m characterized the next 200 m. These ridges were oriented north-northwest-south-southeast roughly parallel to the isobaths. As can be seen on Fig. 2b , there was no evidence of current activity, although abundant traces of burrowers were obvious. The ridges were absent over the next 80 m (from 12 h 52 to 12 h 55 on Fig. 1 ) to appear progressively again at 12 h 55 their amplitude increasing downslope.
Because of this unexpected increase in amplitude of the ridges downslope, at 1259, Archimède could not avoid the crest of one of these ridges, bounced off ( Fig. 2d) and finally stopped 10 m further away with its keeI buried in about 1 m of mud (Fig. 1) . Figure 2c shows a close-up of the bottom sediment just before the first hit. Note again the absence of visible traces of current action and the sporadic burrowing. A chunk of sediment was scraped from the submersible on its return to the surface. It consists of a yellowish grey sandy foraminiferal ooze made up of 60% of tests of foraminifera, 25% of sand and 15% of an association of silt and clay. The sand fraction contains subangular quartz, albite, orthoclase, with minor microcline and heavy opaque minerals. The sand fraction corresponds to the erosion of a silicic igneous complex, probably granite or granodioritic. This sandy material could have been derived from granitic formations widely spread in Corsica (BONNAL, PARSY, PRIOU-LACAZEDIEU and DURAND-DELGA, 1973 ; AMAUDRIC DU CHAFFAUT and LEMOINE, 1974) . While the bathyscape was immobilized on the bottom, the divers saw dense clouds of sediment in suspension flowing rapidly downslope. The density and height above bottom of the clouds were such that vision was obscured most of the time both through the port-holes and on the television monitor. Intermittently, the height of the flow of muddy water was smaller and reveaIed a gentle and smooth burrow-mottled bottom (Fig. 2e) . A rough estimate of the speed of flow can be based on the time necessary for a cloud of mud to drift over the bottom through the whole field of vision. We tentatively conclude that the speed was greater than 1 to 2 m per second. Forty-five minutes after the hit, Archimède suddenly freed itself and started to go up irreversibly after releasing its security ballast.
DIVE 72-7 Although the objectives of dive 72-7 were mainly technological, part of the dive was aimed at investigating the effect of the impact of Archimède on the bottom during dive 72-5. The observations made were of two different types. The first, made 30 to 50 m off the bottom, were planned to provide a continuous bottom and sub-bottom profile along the downslope track followed by dive 72-5 and to continue it beyond transponder X'4 into the abyssal plain. Observa- [ facing p. 6681 Fig. 3 . Upper: Photograph of IO-kHz echo-sounder record obtained above sedimentary ridge area of lower continental slope (section AB). From 10 h 13 to 10 h 16, the bathyscaphe was sinking progressively nearer to the sea-floor which results in a n apparent upward slope of the bottom. Vertical exaggeration: about i' 2.
Vertical scale: 10 rn per square.
Lower: 10-kHz echo-sounder record of contact between lower continental slope and abyssal plain. Note sharpness of contact. Vertical exaggeration: about x3. The record interpreted in Fig. 1 (lower part) has beeil corrected for the varying depth of the bathyscaphe. N o trace of current activity can be observcd in the sedirnent structure. Note the coarse texture of sediment as in photo 419 (Fig. 2c) . Cloud of mud slowly drifting away is due t o bathyscaphe landing. tions made 3-5 m off the bottom near X'4 were planned to inspect visually the zone of impact. The lower part of Fig. 1 is a composite bottom and sub-bottom profile which summarizes the first type of observations. The 10-kHz sounder gave an average sub-bottom penetration of 10 m in this area. Figure 3 shows two samples of the record obtained: one (10 h 07 to 10 h 16) (section AR) is located over the area of sedimentary ridges; the other one (12 h 04 to 12 h 16) is located over the zone of very sharp contact between the lower continental slope and the abyssal plain. Although the portion of record betweeii 9 h 58 and 10 h 25 (just before landing) is located 100 in further south rhan the track followed during di\e 72-5, it is reasonabie to assume thlit portion AB (Fig. 1, Fig. 3 top) correlates with the zone of sediinentnry ridges which was entered Sy the bathyscaphe at 12 h 55 ciilring dive 72-5. We suggest tiiat the whole zone is due to downsiope siiding of the upper 10 m-thick sedimentary laqer over a width of 100 m or so and over an unknown length, perhapç several hundred méters. purailel to the isobaths. This sliding resulteci in crumpling of the 10 m-thick layer, thus producin2 the sedimentary ridges parailel to the lsobsths nith an increasing amplitude downslope. The fact that the lowermost layer is not affected by the 'crumpiing' and outcrops at both ends argues açairist a contour currerit origin or a direct sait diapirisrn origin.
The observations made diiring dive 72-7 while in visual contact witli the bottom betueen 10 h 25 and 10 h 55 tend to confirm this interpretation. Near X'4 (Fig. 4a) , there is an undisturbed relatively flat homogeiieous bottom. Between 10 h 35 and 10 h 37, furtlier downslope, the bottom is still undisturbed but there is clear evidence of north-northwest-flowing bottom contour current (Fig. 4b) , that is current flowing at the base of the continental slope and parallel to it. Then at 10 h 45, the observer (XLP) noted an abrupt change in the nature of the bottom (Fig. 4c) . The bottom was coming u p rather sharply toward the east-northeast. Coarse lumps of sediment had partly covered up the other type of sediment and little burrow mottling could be seen. Archimède was entering the lowermost part of the supposed zone of sliding, about 30 m south-southwest of the site where the submersible had been partly buried (Fig. 4d) . We suggest that the very coarse sediment was deposited by the mud clouds triggered by the Archintède hit. We do not know whether the upturned layer of semiconsolidated sediment seen on Fig. 4d was due to compaction by the submersible or wnether there is such a compact iayer close to the surface in this area. In any case, the large amplitude of the sedimentary ridges seen between 10 h 45 and 10 h 5 and their abrunt ending south of the point cnrresponding to 10 h 45 support Our interpretation. The wnole zone of gliding of the uvper sedimentary layer would be such that crumpiing progressiteiy increases downslope. It is temptirig to suggest that the other zone of sedimentary riùges nbote the 2580-m isobath corresponds to a simiiar zone of siinerficinl sliding.
The sub-bottom çouncicr record obtained wiiile leaving X'4 ( Fig. 1 and Fig. 3-bottom) shows that the 'base of continental slope-abyssai plain' contact is abrupt and may actually w a tone of erosion. Note in particular the outcropping of the sedimentary layers at ihe surface. This zone of erosion may be the result of both sluniping and contour current 3c:ion at the base of the siope. In any case, the Eunding made on the abyssal plain 2 km further West (Fig. 4e) revealed a completely different type of bottom, obviously resulting from very tranquil muddy sedimentation with intense actibity of numerous burro~ers.
D I S C U S S I O N
The evidence obtained suggests that the lower continental slope is a zone where at least the uppermost layer of sediments is highly unstable, so that large portions may slide down a few meters to a few tens of meters, resulting in crumpling which produces sedimentary ridges progressively increasing in amplitude and wavelength toward the lower part of the slide. The width of such a slide seems to be about 100 m and it seems to affect a layer about 10 m thick. These slides may trigger turbidity currents or, a t least, feed the contour currents at the base of the slope with mud in suspension. Although it is unlikely that salt diapirism is the direct cause of the sedimentary ridges, we cannot rule out that the readjustment of the uppermost sedimentary layer and the abrupt contact at the base of the continental slope are related in some way to migration of the deep Messinian evaporitic layer (DROOC~FR, 1973) .
It is difficult to explain why the impact of the bathyscaphe resulted in muddy water downslope fIow for niore than 45 min after the impact. It may be that the very srnall motion of Archimède trying to free itself from the mud was co~~tinuous enoiigh to trigger sinall muddy water flows. There is little doubt in any case that no coarse sediments were deposited beyond 70 m downslope fi om the site of impact. We realize that the information is still very preliminary but we consider that it indicates that the processes of dynamic sedimentation in this area are very complex, change over very short distances and need to be studied in three dimensions with a high precision of localization. The submersible is, t o our knowledge, the only possible tool to achieve such a study. We note that, although it has not been reported in the literature, two other such incidents involving Archimède surveys over the southern France lower continental slope have resulted in similar downslope mud Aows during tens of minutes (G. Pautot and G. Bellaiche, persona1 communication, 1974) .
